ABSTRACT Background: Eating breakfast is believed to promote a healthy body weight. Yet, few studies have examined the contribution of energy balance-related behavioral factors to this relation in minority youth. Objective: We assessed the associations between breakfast consumption and dietary intake, physical activity (PA), and adiposity before and after accounting for energy intake and PA in minority girls. Design: Cross-sectional data were obtained on body mass index (BMI), percentage body fat (measured by BodPod), dietary intake (measured with 3-d dietary records), and PA (measured with 7-d accelerometry) from 87 Latina and African American girls 8-17 y of age (75% Latina, 80% overweight). Dietary records were used to categorize girls as more frequent breakfast eaters (MF; 2 or 3 of 3 d; n = 57) or less frequent breakfast eaters (LF; 0 or 1 of 3 d; n = 30). Chi-square tests, ANCOVA, and multiple regression analyses were conducted. Mediation was assessed with a Sobel test. Results: Compared with the MF group, the LF group spent 30% less time (12.6 min/d) in moderate-to-vigorous-intensity PA (MVPA; P = 0.004) and had a higher percentage body fat (P = 0.029). MVPA accounted for 25% (95% CI: 28.8%, 58.1%; P = 0.139) of the relation between breakfast consumption and percentage body fat. We were unable to show that energy intake or MVPA was a significant mediator of the relation between breakfast consumption and adiposity in this sample. Conclusions: Evidence suggests that among predominantly overweight minority girls, MVPA, but not energy intake, was associated with both breakfast consumption and adiposity; however, a lack of power reduced our ability to detect a significant mediation effect. Other unobserved variables likely contribute to this relation. Am J Clin Nutr 2013;98:275-81.
INTRODUCTION
The 2009-2010 prevalence rates of pediatric obesity in the United States indicate that 18.2% of children and adolescents 6-19 y of age were obese and 33.2% were overweight (1) . Hispanic and non-Hispanic black youth are disproportionately affected, with prevalence rates of overweight and obesity of 41.2% and 41.8%, respectively, compared with non-Hispanic white youth of the same age group (29.0%) (1) . Accordingly, 10-19-y-old ethnic minority youth, including Hispanics and African Americans, have the highest rates of type 2 diabetes in the United States (2) . In response to these alarming statistics, a major focus of national public health efforts has been to gain a better understanding of the genetic, environmental, and behavioral factors related to pediatric obesity, particularly in minority populations.
Substantial evidence indicates that breakfast skipping is associated with adiposity in youth. In cross-sectional studies, increased frequency of breakfast skipping has been associated with a higher BMI (3) (4) (5) (6) (7) (8) and greater visceral adiposity in adolescents (9) . Prospective findings have been less consistent, with some (6, (10) (11) (12) (13) (14) but not all (3, 15, 16) observational studies showing that breakfast skipping promotes weight gain. Paradoxically, the average daily calorie intake among breakfast consumers generally exceeds that of breakfast skippers by 200-400 kcal/d (7, 8, 14) . These findings suggest that the influence of breakfast consumption on weight regulation occurs through energy expenditure rather than restricted consumption. In fact, the effect of eating frequency on measures of adult adiposity has been shown to be confounded by physical activity (PA) 5 energy expenditure and physical fitness (17) . Yet, experimental studies of meal frequency and size on energy balance do not show significant differences in total daily energy expenditure related to meal skipping or gorging compared with snacking (18, 19) . The lack of consistency in the literature indicates the need to better understand the energy balance-related factors associated with breakfast consumption and adiposity in youth.
Understanding how breakfast consumption is related to body weight, BMI, or percentage body fat in high-risk populations will provide useful information for developing behavioral interventions for obesity prevention. Therefore, the purpose of our study was to examine the relations between breakfast consumption, measures of adiposity, and typical dietary intake and PA in a sample of Latina and African American girls. Using a mediation framework, we also explored the contributing role that dietary intake and PA plays in the association between breakfast consumption and adiposity. We hypothesized that girls who consumed breakfast less frequently would have higher measures of adiposity and that this association would be explained, in part, by greater reported energy intake or lower levels of PA.
SUBJECTS AND METHODS

Participants
Participants were from 3 linked pediatric obesity studies that share a set of common methods and measures: Insulin Resistance and Declining Physical Activity Levels in African American and Latina Girls (recruitment approval date, 19 The current study used cross-sectional data from the baseline measures of each of the 3 studies. Details of the study methods were published previously (20) (21) (22) (23) . Briefly, participants were recruited through medical clinics, churches, community centers, local schools, and advertisements in Los Angeles County, CA. Participants were excluded if they were using a medication; had a diagnosis of a condition known to influence body composition, fat distribution, or insulin/glucose metabolism; or had a diagnosis of diabetes based on fasting plasma glucose ($126 mg/dL) at the time of entry into the study. Before any testing procedures were initiated, written informed consent and assent were obtained from all parents and children, respectively. Although 187 girls completed a baseline visit, clinical data (n = 29), 3 d of complete dietary records (n = 31), or accelerometry data (n = 40) were missing, which resulted in a final sample size of 87. The study protocols were standardized across the 3 studies and were individually approved by the Institutional Review Board at the University of Southern California Health Sciences Campus.
Measures
Anthropometric measures
Study participants arrived in the afternoon at the University of Southern California Clinical Trials Unit after a minimum of a 3-h fast. Weight and height were measured 3 times to the nearest 0.1 kg and 0.1 cm, respectively, with a beam medical scale and a wall-mounted stadiometer used by trained medical professionals. BMI z scores were computed. Determination of ageand sex-specific BMI percentiles was based on established CDC normative curves (24, 25) . Participants with a BMI percentile $85% were categorized as overweight. Body composition (percentage body fat and percentage lean tissue) was measured by air plethysmography (BodPod; Life Measurements Instruments). Pubertal Tanner stage was assessed by a licensed pediatric health care provider (26) .
Accelerometric measures
Objective assessments of PA were obtained by using a GT1M accelerometer (Actigraph). This uniaxial accelerometer measures acceleration in the vertical plane and has been shown to be a valid and reliable measure of PA for children and adolescents (27, 28) . All participants were instructed to wear the device on the right hip under clothing (attached to an adjustable belt), except during water-based activities or when sleeping. Accelerometer data were downloaded and processed by using a modification of the SAS program developed for use with NHANES PA monitor data (http://riskfactor.cancer.gov/tools/nhanes_pam). The raw data were processed to calculate the minutes of wear and nonwear time (defined as $60 min of 1 to 100 counts with exceptions for up to 3 min of values .100 or 0 counts).
In keeping with prior research (29, 30), we defined a valid day of wear as $10 h of wear time, and only participants with $4 valid days of data were included in these analyses. Accelerometer data were collected in 15-s epochs and aggregated into 1-min epochs across the studies. The raw counts were categorized by intensity level (moderate intensity: 4 metabolic equivalent tasks; vigorous intensity: 7 metabolic equivalent tasks) by using age-adjusted thresholds developed by the Freedson group (31) . Time spent in these activity intensities was summed and averaged across all valid days to create the mean minutes per day spent in moderate-to-vigorous intensity PA (MVPA).
Dietary intake
Typical energy intake (in kcal/d) and diet composition were estimated from dietary records collected over 2 weekdays and 1 weekend day. Dietary intake and accelerometry data were collected during the same period, but not necessarily on the same days. At the clinic visit, participants were given 3-d dietary records to complete at home before the next study visit and a 10-min lesson on how to complete the dietary records and estimate portion sizes. Measuring cups, spoons, and rulers were supplied to all participants to aid in accurate reporting. The completed dietary records were reviewed and clarified with each participant by trained research staff when they were collected.
Nutrition data were analyzed by using the Nutrition Data System for Research software (version 2008; Nutrition Coordinating Center at the University of Minnesota, Minneapolis, MN). Dietary data were carefully screened for plausibility through a multistep process. Participants' comments were reviewed and clarified by trained project staff. All of the collected dietary data were used in the current analysis.
Breakfast consumption
Breakfast was defined as any food or beverage consumed between 0500 and 1000 with a combined total energy of $100 kcal (15, 32) . Breakfast consumption was recorded as occurring 0, 1, 2, or 3 out of 3 d. Participants were divided into 2 breakfast-consumption categories based on the sample median (2 d, or 67% of the time). Girls who consumed breakfast less frequently (LF; n = 30) had eaten breakfast on 0 or 1 of the 3 d. Girls who consumed breakfast more frequently (MF; n = 57) had eaten breakfast on 2 or 3 of the 3 d.
Statistical analysis
Independent t tests and chi-square tests were used to compare demographic characteristics between the MF and LF groups. The main analyses were conducted by using a single-mediator model (see online supplemental material for a description of mediation analysis under "Supplemental data" in the online issue) (33) . Before mediation analyses were conducted, significant relations between the predictor (eg, breakfast consumption frequency: LF and MF), the potential mediators (eg, PA and energy intake), and the outcome (eg, adiposity) were assessed through ANCOVA that included age, race, and BMI percentile as covariates. BMI was included only when measures of adiposity were not the outcome variables. Mediation parameters required to assess our hypothesized mediation effects were estimated for variables that showed associations with breakfast consumption and adiposity via covariate-adjusted multiple linear regression analyses. The magnitude of an observed mediation effect and the 95% 95% CI were estimated as the explained proportion of the total effect (34) . A Sobel test was conducted to assess the significance of a mediation effect (35, 36) .
All outcome variables were normally distributed, with the exception of vigorous-intensity PA and MVPA, which were square root transformed. For ease of interpretation, untransformed means are presented in the tables. Unadjusted and adjusted group means with 95% CIs and P values are presented. Estimates of effect size (h 2 ) are provided in the text for significant ANCOVA test results. All analyses were conducted by using SPSS Statistics 17.0. Significance was set at P , 0.05.
RESULTS
The analytic sample (n = 87) consisted of Latina (75%) and African American girls with a mean (6SD) of 12.1 (6 3.1) y of age. Half of the sample was in Tanner stages I and II (53%), and most were classified as overweight (80%). Thirty-five percent of the sample (n = 30) was categorized as LF. No significant differences in age, Tanner stage, or BMI category distribution were found between breakfast groups (P . 0.05 for each comparison; data not shown). In addition, there were no unadjusted or adjusted group mean differences in total daily energy intake, macronutrient composition (dietary fat, carbohydrate, and protein), total fiber intake, or total sugar intake ( Table 1) .
Significant unadjusted group mean differences in accelerometer-measured moderate-intensity PA (P = 0.003, h 2 = 0.098) and MVPA (P = 0.002, h 2 = 0.106) were observed, which remained significant after age, race, and BMI percentile were included as covariates [P = 0.007 (h 2 = 0.081) and P = 0.004 (h 2 = 0.094), respectively] ( Table 2) . On average, the LF group spent 30% less time in MVPA (w12.6 min/d) than did the MF group.
Unadjusted analyses indicated that the LF group had a higher mean percentage body fat (P = 0.013, h 2 = 0.069) than did the MF group, which remained significant after the inclusion of age and race as covariates (P = 0.029, h 2 = 0.053) ( Table 3 ). The additional inclusion of total energy intake as a covariate did not attenuate the association between breakfast consumption and percentage body fat (P = 0.026, h 2 = 0.055). However, in a separate model, the inclusion of MVPA as a covariate rendered this association nonsignificant. Overweight, mean BMI z score, and mean BMI percentile did not differ significantly between the LF and MF groups (Table 3) . 1 Values are means; 95% confidence limits in parentheses. Less frequent breakfast consumption was defined as eating breakfast 0 or 1 d of the 3 d (n = 30 girls). More frequent breakfast consumption was defined as eating breakfast 2 or 3 of the 3 d (n = 57 girls).
2 Adjusted for age, race, and BMI percentile. Group differences were tested by using ANCOVA.
The significant interrelations between breakfast consumption, MVPA, and body fat, which were important to establish mediation, were reexamined through a series of multiple regression models (Figure 1) . A significant association was found between breakfast consumption and percentage body fat after control for age and race (b = 20.188, P = 0.029) as previously described in the statistically equivalent ANCOVA. Additional age-and race-adjusted regression analyses showed significant associations between breakfast consumption and MVPA (b = 0.295, P = 0.004) and MVPA and percentage body fat (b = 20.202, P = 0.024). In the mediation analysis, MVPA explained 25% (95% CI: 28.8%, 58.1%) of the relation between breakfast consumption and percentage body fat, which resulted in an attenuated association between the 2 variables (b = 20.141, P = 0.112); however, the mediation effect was not significant (Sobel test: P = 0.139). The nonsignificant mediation effect can be explained, in part, by the nonsignificant association between MVPA and percentage body fat after adjustment for breakfast consumption (b = 20.157, P = 0.090). A mediation effect for energy intake was similarly not observed (22.0%; 95% CI: 214.7%, 10.8%; P = 0.757).
DISCUSSION
Using a mediation framework, we examined the relation between breakfast consumption and measures of adiposity to assess the contributing role of typical dietary intake and PA in a sample of Latina and African American girls. We found that eating breakfast less frequently was associated with higher percentage body fat and with spending nearly 30% less time in MVPA but not with energy intake or macronutrient composition in this population. However, we were unable to detect a 25% mediation effect of MVPA on the relation between breakfast consumption and percentage body fat with our limited sample size (P = 0.139). Collectively, these findings suggest that frequency of breakfast consumption is associated with adiposity and MVPA in this population. MVPA may partially mediate the relation between breakfast consumption and adiposity; however, on the basis of the observed magnitude of the effect, it is likely that other unobserved variables, such as socioeconomic factors (37) , further explain this relation.
We did not detect an association between average daily energy intake or macronutrient composition and typical breakfast consumption. Our hypothesis was based on a review of the literature on breakfast habits of youth (8) and recent findings from a similarly aged nationally representative sample that suggested that breakfast skippers consume 200-400 kcal/d more than non-breakfast skippers (7) . One explanation for our null finding could be that, compared with other studies, our study sample had a greater proportion of overweight girls and lacked variation between groups. Sex could similarly moderate this association. Alternatively, differences in our definition and categorization of breakfast consumption frequency compared with other studies, or possible dietary recall biases (eg, underreporting), might have masked a significant finding in our study. Therefore, we cannot definitively conclude from this study that dietary intake does not contribute to the association between breakfast frequency and adiposity.
As hypothesized, we observed an association between breakfast consumption and MVPA. The MF group spent w13 more minutes a day (or 30%) in MVPA than did the LF group. Similar in magnitude to the current findings, a large crosssectional study of 1860 Pakistani children (5-12 y of age) also demonstrated an inverse association between breakfast skipping and MVPA .2 d/wk (self-reported; OR ratio: 0.63; 95% CI: 0.45, 0.89) (38) . A study of 877 British adolescents (14 y of age) found that, among girls, eating breakfast infrequently was associated with lower levels of total PA (accelerometry measured), but only during the morning (39) . The mechanisms that link breakfast consumption with PA have yet to be explored; however, studies of the effect of breakfast consumption on cognitive function related to perceived alertness, energy (40, 41) , and fatigue (40, 42, 43) or the clustering patterns of these energy balance-related behaviors (44-46) could help to inform future research.
Consistent with other research (9), we found that girls who ate breakfast less frequently had a greater percentage body fat; however, we were unable to detect a statistically significant mediation effect of MVPA on this association despite significant separate associations of MVPA with breakfast consumption and percentage body fat (5) . Support of this hypothesis would have been consistent with the results of a longitudinal study of 2361 adolescent girls (12). Albertson et al (12) showed that both energy intake and PA, both measured by 3-d dietary records, mediated the association between breakfast eating and BMI over time, but the magnitude and significance of the mediation effects were not tested. Furthermore, at the end of the 10-y study, among the girls who had a high BMI at baseline, those who ate breakfast more frequently had a lower BMI than did those who ate breakfast less frequently. Inconsistencies in the findings between the study by Albertson et al (12) and our study could have be a result of the cross-sectional compared with longitudinal nature of the studies or sample demographics or PA measurement methods; however, it was more likely that we lacked the power to detect the modest 25% mediation effect given the wide CI (95% CI: 28.8%, 58.1%). Post hoc power analyses indicated that 133 participants would be required to detect a mediation effect of this magnitude with 80% power. Although we were unable to detect significant effects of dietary intake or PA on the association between breakfast consumption and percentage body fat in this population, most of the evidence supports the promotion of breakfast consumption for weight control, particularly among overweight youth. Additional studies using a mediation framework on the contribution of energy balance-related or socioeconomic, cultural, or psychological factors to the link between breakfast consumption and adiposity is warranted. To our knowledge, this was the first study to explore the association of breakfast frequency with energy intake, PA, and measures of adiposity in a minority sample of girls at high risk of obesity. The use of accelerometers removed some of the biases associated with self-reported measures, such as recall and social desirability, although some issues of measurement error remain. Similarly, our method for assessing breakfast was relatively objective. We obtained 3-d dietary records of dietary intake and applied a predetermined definition of breakfast to assess the frequency of breakfast eating during the record period. In addition, our sample had a large proportion of overweight girls, which allowed us to test previously observed associations from samples with large variations in body size in a more homogeneous population of high-risk minority girls.
Despite the many strengths of the current study, it also had limitations. The generalizability of the findings is limited to Latinas and African American girls 8-11 and 13-17 y of age. The relatively small sample size precluded the inclusion of more categories of breakfast frequency and reduced the power to detect a mediation effect of MVPA, which could explain some of the discrepancies in our findings compared with those of other researchers. Last, because of the cross-sectional design of our study, we were unable to make conclusions about causal effect that breakfast eating might have on energy intake, PA, or weight change. Furthermore, without temporally ordered variables and no independent associations of breakfast consumption and MVPA with percentage body fat observed in the mediation FIGURE 1. Mediation model of the effect of MVPA on the association between breakfast consumption and percentage body fat. Values in boldface type represent standardized, age-and race-adjusted associations between breakfast consumption and MVPA (total effect, a), MVPA and percentage body fat (total effect, b), and breakfast consumption and percentage body fat (total effect, c). Values in parentheses represent standardized age-and race-adjusted associations between breakfast consumption and percentage body fat with control for the hypothesized mediator, MVPA (direct effect, c#), and between MVPA and percentage body fat with control for breakfast consumption (direct effect, b#). The indirect or mediation effect (ab#) was 20.046 and nonsignificant as assessed with the Sobel test: t = 21.48; 95% CI: 22.48, 20.12; P = 0.139. *P , 0.05, **P , 0.01. MVPA, moderateto-vigorous-intensity physical activity. analysis, it is difficult to conclude from this cross-sectional study that MVPA, rather than breakfast consumption, is the true mediator. Future research will be needed to replicate these findings in larger longitudinal and intervention studies. The findings of this study contribute to the evidence suggesting that eating breakfast more frequently is associated with higher levels of PA and lower levels of adiposity among minority girls. We estimate that 25% of the association between breakfast consumption and percentage body fat was explained by MVPA in a population of predominantly overweight Latina and African American girls; however, a lack of power reduced our ability to detect a significant mediation effect. Although these results do not conclusively show a statistically significant contribution of MVPA (or dietary intake) to the link between breakfast consumption and adiposity, public health messages should continue to encourage regular breakfast consumption as a method to promote healthy lifestyles and lower levels of adiposity.
